Since 1958, when the human mitotic chromosome complement was first described paving the way to the detection of its abnormalities, some twenty (Polani 1970 ) more or less distinctive clinical syndromes have been identified, of which only two (Polani et al. 1954 , Plunkett & Barr 1956 , Polani et al. 1956 , Polani et al. 1958 had been accurately predicted with the backing of factual evidence, and one (Waardenburg 1932 , Bleyer 1934 had been presciently and shrewdly inferred (Waardenburg 1967) . Altogether, these syndromes and other less clearly clinically defined disorders account for abnormal foetal development in some 3j % of recognizable human pregnancies, and almost 90 % of the chromosomally abnormal conceptuses are eliminated as spontaneous abortions.
Broadly speaking, the main descriptive stage of human cytogenetics is in the phase of rapid deceleration, though one should stress that there are still many gaps in our knowledge of which I will instance only a few. For example: what is the actual relationship between criminal propensity and the 47,XYY state? Stated otherwise, what is the risk that the 47,XYY newborn, perhaps one in 500-700 of all newborn males (Ratcliffe et al. 1970) , faces in respect to psychosocial adjustment in our society? What happens to the numerous autosomal monosomic conceptuses that, in theory, should be complementary to the many who are trisomic? What estimates of risk can be given to balanced reciprocal translocation carriers? There is adequate knowledge about carriers of interchanges related to mongolism, and about the influence of the sex of the parent; but little is known about the other translocation types, yet interchanges affect perhaps one in persons. What further contributions to human linkage studies can accrue from these and other cytogenetic studies? Some such questions await the result of further work, others of longitudinal studies, and yet others require even more careful probing among the early human reproductive failures or those in experimental or domestic animals.
At the present moment, much of the attention in human cytogenetics is directed at trying to understand the mechanism of origin of chromosome anomalies and their mode of action, namely the way in which a specific chromosome anomaly affects the phenotype. It is clear that the addition or subtraction of a whole chromosome, or visibly of even part of a chromosome, must upset gene balance by the addition or removal of possibly several hundreds of genes. The complexity of these genic factors must be kept in mind because while some will be of a structural variety, the blueprints for making polypeptides and enzyme proteins, others will have regulatory functions on structural genes, on blocks of genes or on chromosomes as a whole, their replication, their movement and division, or on cells, their division and mitotic cycle, &c. Yet others may be concerned with the production of special classes of gene products like transfer RNAs, the ribosomal RNAs, and perhaps some of the intranuclear RNAs concerned with control of other genes or parts of the genome, &c. The complexity of control in higher organisms is well realized and has resulted recently in attempts at new categorization of genes, based on ideas of their integrative action, particularly in eukaryotes, and on the facts of the so-called DNA redundancy in higher organisms. Hence the classes of sensor, integrator, receptor and producer genes of Britten & Davidson (1969) . Furthermore, there would appear to be a distinction between the activities of autosomal genes and of those that are located in largely so-called heterochromatic chromosomes, of which one of the two X chromosomes of normal females and the extra X's in subjects with X-chromosome polysomy are clear-cut examples. These chromosomes appear to be largely inert genically, yet it is clear that they exercise a general influence and, from the study of certain characteristics, quantitative effects proportional to the number of sex chromosomes present (see, for example, Penrose 1967 , Hamerton 1969 , Polani 1969 . These effects can either be attributed to the genes contained in these chromosomes, which perhaps might act before the stage of X-chromosome inactivation or might escape inactivation, or they might rest upon special properties of these chromosomes, related to their so-called heterochromatization. In this latter case we may be dealing with special effects on the control of cell division cycles and perhaps on the size of cells, their numbers during embryonic development and later their permeability, &c. In this context, it is interesting that the presence of only one sex chromosome, the X, in the XO (45,X) foetus allows normal development of the gonial cells in the ovary, but the absence of the second X is related to premature involution of the germinal cells in the survivors, prenatal and early postnatal, with consequent sterility at puberty. Also, in XO survivors, there is an increased total finger-ridge count (Holt & Lindsten 1964 ) and this has been attributed to tissue imbibition (Penrose 1967) or to those alterations of cell size that have already been alluded to. In keeping with this is an effect on the width of palmar dermal ridges (Penrose 1969 ) that is related not only to number but also to type of sex chromosome and which must be influenced by body size, which in its turn is affected by sex-chromosome imbalance. Some of these phenotypic features, and possibly the very high prenatal lethality of the XO embryo, may be related to the effect that the presence of only one sex chromosome has on the mitotic cycle. Preliminary evidence suggests that this is excessively shortened as compared with normal male and female cells (Barlow 1970, personal communication) and it is from this shortening of the cycle that some of the serious disorders may result. In cell-cycle studies of this type, the investigation of cell lines from natural mosaics is particularly useful, as these cells have identical genomes with the exception of the sex-chromosomal difference that characterizes them. It is perhaps of interest that these very mosaics show an unusual degree of asymmetry of their dermatoglyphics which may reflect not only an uneven distribution but also an uneven size, or other relevant characters of their component cells (Polani & Polani 1969) .
The phenotypic effect of some of the sex chromosome anomalies is also documented at the level of brain function (see review by Polani 1969) and, very subtly it seems, at the biochemical level where the concentration of serum IgM is positively correlated with the number of X chromosomes present (Rhodes et al. 1969 , Wood et al. 1969 . Other alterations of the immune state seem to mark the presence of some chromosome disorders (see for example Doniach et al. 1968 ).
But the problem of understanding the mechanism of action of chromosome imbalance is not confined to the sex chromosomes. One of the best known and most frequent examples of chromosome imbalance among survivors at birth is trisomy 21, the cause of Down's syndrome (mongolism) . In this condition, no tissue or organ can be said to be completely normal and this is true of a good proportion of chemical parameters that have been studied (Table 1) . Particularly puzzling have been the studies of enzymes in the formed elements of the blood, and especially the leukocytes (Table 2) . These have usually been found to be increased (see Penrose & Smith 1966 , Crome & Stem 1967 , Rosner et al. 1966 , Mandelli et al. 1967 , Bartels & Kruse 1968 ), including enzymes whose structural genes are known to be on chromosomes other than chromosome 21. This, and other facts Table 1 The direction of the arrows indicates where the concentration of a given substance has been found raised, lowered, unchanged or only sometimes raised or lowered (slanting arrows) in Down's syndrome subjects, compared with suitable controls. (Benson 1967) in short-term cultures. It is the rates ofproduction of rapidly labelled and ribosomal RNAs that are found to be enhanced (Benson 1970, personal communication) . This suggests that perhaps the increased enzyme synthesis may reflect an alteration of total protein metabolism in the cells of the affected subjects. This might be the expression of an effect of the trisomic chromosome on protein synthesis, but could equally result from some other effect of this chromosome on the trisomic cells, for example on the average age of circulating blood cells in Down's syndrome (Mellman et al. 1967) , and other possibilities have been suggested (Naiman et al. 1965 ). If, indeed, an overall enhanced RNA/protein synthesis were a characteristic of 21-trisomic cells, this could be a relatively specific effect, for example the effect of ribosomal genes sited on the trisomic chromosome. If so, comparative investigation in the light of present knowledge (Spirin & Gavrilova 1969) of quantitative aspects of ribosomes and their component RNA (and protein) elements might turn out to be informative as to the mechanisms of the derangement of trisomic cells. It is to be remembered, however, that some enzymes raised in red blood cells and leukocytes of Down's syndrome are not raised in cultured fibroblasts ). Very limited studies on platelet enzymes seem to fall in line with the fibroblast findings (phosphokinase, Doery et al. 1968; monoaminooxydase, Benson 1970, personal communication) . In spite of the quantitative abnormalities of enzymes and some other proteins in trisomic cells, no qualitative abnormalities have been found in the few isoenzymes (Shih et al. 1965 , Monteleone et al. 1967 , Benson & De Jong 1968 or other proteins that have been investigated (Weinstein et al. 1965 , Adinolfi et al. 1967 , though it seems that the maturation of proteins with foetal characteristics may be unduly delayed in Down's syndrome compared with suitable controls, and that there are changes in the immunoglobulin levels (higher IgG with lower IgM values) reminiscent of those seen in lymphocyte disorders.
Mosaicism of normal and trisomic cells in Down's syndrome raises a number of interesting points. For instance, biochemical ) and dermatoglyphic parameters (Penrose & Smith 1966) showed, not unexpectedly, intermediate values between normal and fully trisomic subjects, and in the case of the dermatoglyphics there were other oddities (Polani & Polani 1969) .
Longitudinal studies of these mosaic patients point to rapid selection among the small lymphocytes in the first two or three years of life (Taylor 1968 (Taylor , 1970 which may favour either type of cell. It is possible that the make-up of the originally nonmosaic zygote may bear on this selection problem, but there is really no good evidence on the nature of this phenomenon. Data from cross-sectional studies of mosaic patients tend to confirm the contention that shifts in cell proportions occur (Richards 1968 (Richards , 1969 ). It appears that similar changes may occur in vitro in long-term fibroblast cultures (Taylor 1970, personal communication) and shifts of this nature have been observed in cultured fibroblasts from sex-chromosome mosaics (Angell 1969). Whereas full autosomal monosomics have, for practical purposes, not been observed among human conceptions, many examples are known of what have been termed partial monosomics, namely deletions, often apparently simple, of specific autosomes. Most of these involve the short arm of a chromosome of the B group, No. 5, and result in the cri-du-chat syndrome. Deletions ofchromosome No. 4 are also described and appear to produce another somewhat distinctive syndrome. Also reasonably specific are the two different syndromes caused by deletions of the short or the long arm of chromosome 18. Deletions usually with ring chromosome formation and mosaicism may involve chromosome 21 and cause 'anti-mongolism'. But one of the newer syndromes to which attention is drawn results from a deletion of the long arm of a chromosome of the D group. The hall-mark of the syndrome is the formation of retinoblastoma. By the end of 1968 only three cases had been reported (see Polani 1969) , but two more have been observed since (Wilson et al. 1969 , Taylor 1970 and it has been suggested that the specific D chromosome involved is a No. 14. A number of sporadic cases of retinoblastoma (which can be 28 inherited in an autosomal dominant manner) have been studied chromosomally, without detecting a deletion of a D group chromosome. It should be said, however, that deletions causing retinoblastoma may vary in size (as do those that cause cri-du-chat syndrome) and that small deletions of the long arm of one of the D group chromosomes may be difficult to detect. It is even possible that the presence of a deletion of a specific gene locus, which might mutate rather often and which might, by way of sheer hypothesis, be a germinal point mutation of, say, the frame-shift type associated with recombination events and unequal crossing over (Magni & Sora 1969) , could result in retinoblastoma obviously without detectable chromosome change.
One cannot conclude this very brief survey on some ofthe growing points in human cytogenetics without mentioning an important by-product of chromosome studies and a more recent application of these to experimental situations. Structural variations or anomalies of the autosomessuch as deletions or translocations -'mark' a specific chromosome whose descent may thus be studied. If, in a family in which such a structurally changed autosome segregates, some other genetic character, such as one specifying an autosomal blood group or serum protein, segregates as well, we have a situation of double heterozygosity which singles out one autosome of a pair and one biochemical characteristic and lends itself to linkage analysis. Should the genetic blood characteristic in question be found in members of a large pedigree or series of families who also carry the structural chromosome change that marks one chromosome of a given pair, and be absent or different in those who do not carry the 'marked' chromosome, there exists the possibility of more or less firmly establishing linkage; that is, it may be possible to assign the gene locus that determines the given serum character to the autosome pair with the structural marker. In this way, already two gene loci in man have been assigned with a high degree of confidence to their respective chromosomes or linkage groups: the locus for the Duffy blood group to chromosome No. 1 (Donahue et al. 1968 ) and that for the a-chain of haptoglobin to chromosome No. 16 (Robson et al. 1969 ).
Finally, relevant to the same linkage problem and to many more of cytogenetic, genetic and cytological interest, is the powerful cell-hybridization technique, particularly exploitable since the introduction of the technique of virusinduced experimental cell fusion (see for example Harris 1968 ). Hybridization of mouse and human cells, for instance, of which the former were mutants lacking thymidine-kinase, has led to the conclusion, following the rejection of all but one human chromosome, that the thymidine-kinase locus in man is probably on a chromosome No. 17 or 18 (Weiss & Green 1967 , Migeon & Miller 1968 , Migeon et al. 1969 ). Some of the other applications are described in reviews by Harris (1968) and by Siniscalco (1970) .
In this brief discussion, the author has chosen examples with which he is more familiar because some of the work discussed is also being done at Guy's Hospital.
(Agricultural Research Council, Compton)
Ultrastructural Aspects
The development of electron microscopy has produced an entirely new means of visualizing the cell, which is seen to be filled with component parts or organelles, and studies in cell biology have provided information linking the structure of these organelles with their function. The greatest volume of electron microscope work in cell pathology has been in regard to diseases of man. In the veterinary field less work has been done but related problems are encountered, and examples of these that have been encountered in my own institute will be given.
Pathological Changes at Magnifications Greater than Those of the Light Microscope Whereas a high magnification with a light microscope is about x 1200, many electron microscopes commence magnifying at this figure and have greatest magnifications of x 200,000 and even higher. It would be a simple story if one could take the specimen out of the light microscope, insert it in an electron microscope and continue magnifying from there. But this is impossible for four major reasonsonly small specimens mounted on special grids can be used in electron microscopes, the standard fixation procedures for light microscopy are inadequate for electron microscopy, the embedding agents are different and the usual colour staining procedures are virtually valueless.
For example, in one study, eosinophilic and basophilic nuclear inclusions were seen with the light microscope in cells affected with adenovirus (Derbyshire et al. 1968 ). But the corresponding electron-microscopic specimens were fixed differently and would not stain similarly. These difficulties of linking can be partly overcome by observing epon embedded sections with an optical microscope using colour stains, and then cutting thinner sections which are examined in the electron microscope using heavy metal stains (De Bruijn & McGee-Russell 1966) . On the other hand, alternate standard sections and ultra-thin sections can be examined in the respective microscopes and structures correlated using their location and other data. In this manner we concluded that the dense osmiophilic chromatin condensations in the nucleus were basophilic, whereas the virus particle area was relatively unstained at the light microscope level.
The range of appearance of 'normal' cells at the electron microscope level is very great indeed, and thorough study ofthe normal tissue concerned is essential before embarking on diseased tissue; in many cases rn the veterinary field the normals have not been previously studied.
Nevertheless, in spite of these various difficulties, results are obtained in due course as, in our own case, in relation to transmissible gastroenteritis of pigs (Chandler et al. 1969) , and in scrapie, a degenerative disease of the central nervous system (Chandler 1968) . Cell pathology in relation to 'submicroscopic' pathogens: With the advent of the electron microscope it has become possible to see viruses in the affected cells; this has resulted in the accumulation of a mass of data in the past years, relevant to viral entry into, development in and release from the cell, together with the resultant changes in the cell. Our own veterinary examples include studies on a porcine adenovirus (Chandler et al. 1964 ) and on a bovine herpes infection (Lepper et al. 1969) .
This aspect of cell pathology has been of particular interest to me regarding a search for the elusive agent which causes the disease, scrapie. The scrapie agent has been sought in many laboratories but has yet to be identified. A variety of structures that had not hitherto been reported were observed, but the possibility that they represented breakdown products of cell organelles could not be excluded. Pathology of cell organelles: Disease can be considered as originating in the cell as a variation of normal biological function which involves the activity and structure of the parts of the cell, the organelles (King 1966). A new term has been proposed for this concept of disease originating at organelle level -'pathobiology'. Some particular studies have been made by various workers in respect to changes in mitochondria (Trump & Ericsson 1965) . In grass sickness, a disease of unknown etiology in horses, we noted vesicular changes (Chandler & Brownlee 1967) ; vesicular changes in mitochondria have been reported in sulphydryl poisoning.
Changes in endoplasmic reticulum have been recorded including dilation of cistemre in irradiation and infectious diseases. We have observed this together with enlarged perinuclear space in some grossly affected neurons in scrapie.
